For all mammals, the initial stages of development occur within the uterus, which is specialized in many ways to nourish and protect the embryo and fetus. At the heart of uterine function is the glandular epithelium (GE); it not only provides a nutrient-rich histotroph to support embryonic development until the placenta is functional [1] , but it also regulates the complex coordination of activities between the embryo and uterus, thus resulting in successful implantation and placentation [2] . Implantation is initiated in the progesterone-sensitized uterus by a nidatory estradiol-17b (E 2 ) surge that triggers changes in the uterus, making it receptive to the embryo, and changes in the embryo making it capable of attaching and implanting [3] . In particular, substances secreted by the uterine GE, such as leukemia inhibitory factor (LIF) [4] and calcitonin [5] , orchestrate changes in the luminal epithelium (LE) that permit attachment and subsequent implantation of the embryo, as well as decidualization of the underlying stromal cells (Fig.  1 ). LIF appears to be a primary effector of the E 2 signal, leading to activation of Stat3, changes in the expression of several genes-for example, heparin-binding EGF (HB-EGF), cochlin (Coch), insulin-like growth factor binding protein-3 (IGFBP-3), and immune response gene 1 (IRG1) (Fig. 1) -and changes in cell morphology in the LE [6, 7] . Induction of the decidual response requires not only LIF, but also a blastocystderived signal [7, 8] , although the blastocyst signal can be replaced by a nonspecific stimulation of the LE by oil injection or mechanical scratching [9] .
Given the key roles of uterine GE in the establishment of pregnancy and nourishment of the conceptus, it is important to understand both the mechanisms regulating gland formation (adenogenesis) and glandular functions at implantation. Work from many laboratories over the past two decades has provided important new insights into both aspects. In many species, including sheep and mice, the uterus of newborn females consists of a simple luminal epithelium surrounded by layers of stroma and muscle, and adenogenesis occurs after birth. Adenogenesis begins on Postnatal Day 5 (PND5) in the mouse, and progresses through PND60 [10] , with distinct postnatal and pubertal periods. There is also regenerative adenogenesis in the postpartum uterus [11] . An important advance has been the use of conditional, uterine-specific gene knockouts to dissect the molecular pathways regulating gland formation in the mouse [12] [13] [14] . This approach has so far resulted in the identification of both Wnt signaling elements (Wnt5a, Wnt7a, Ctnnb) and the transcription factor FoxA2 as critical elements in the formation, and potentially the maintenance, of the GE [12, 15, 16] .
Adenogenesis in the early postnatal period is normally independent of steroid hormones, yet it is exquisitely sensitive to their presence, as exposure to either E 2 or progesterone (P 4 ) for a defined period of time during the postnatal period leads to failure of adenogenesis and infertility in both sheep and mice [11, 14, 17, 18] . Interestingly, in mice, the effects of P 4 treatment vary between strains, from complete inhibition of adenogenesis in the inbred C57Bl/6 strain [10, 18] to a delay and a decrease in the number of glands in the outbred Swiss Webster strain [11] . The period of sensitivity is quite specific (PND2-PND10); even one day of difference in timing of steroid treatment changes the overall severity of the effect in C57Bl/6 mice [10, 18] . Treatment of postnatal C57Bl/6 mice with P 4 between PND2 and PND10 causes a decrease in the expression of several genes, such as FoxA2, Wnt ligands, and Hox genes, known to be important for proliferation and differentiation of the GE [10, 11, 18] .
In this month's issue of Biology of Reproduction, a new study by Filant and Spencer [19] builds on their previous demonstration of the uterine gland knockout (PUGKO) mouse model [18] to determine the functional effects on implantation and decidualization of an absence of uterine glands. They show that, in the absence of GE, embryos are unable to implant, and the uterine stroma does not decidualize. Ovulation, fertilization, and blastocyst formation are unaffected, and the levels of steroid hormone receptors and many other P 4 -and E 2 -regulated genes (e.g., Hand2, Hoxa10, Il13ra2, Igf1, Muc1) in the PUGKO uterus are equivalent to control uteri. These observations complement those of earlier studies in which uterine gland formation was inhibited to a greater or lesser extent, either by neonatal P 4 treatment or by uterine knockout of a specific protein [10] [11] [12] 14] , and underscore the absolute importance of GE to implantation and decidualization. Taken together, all of the above studies also show a threshold effect of the GE on implantation and ultimately, fertility, likely due to the absolute amount of secretions produced by the variable number of uterine glands.
A critical observation in this new study, however, is that injection of LIF into primed, pseudopregnant PUGKO females does not rescue artificial decidualization induced by oil injection. This result considerably refines our understanding of the mechanism of action of LIF in inducing uterine receptivity. Previous studies have focused on the LE as the primary cellular target of LIF, have documented changes in gene expression and morphology, and have examined the importance of the LIF-induced genes (HB-EGF, Coch, IGFBP-3, IRG1) to uterine receptivity [7] . However, the present study shows that LIF effects on the LE cannot be the entire story. While LIF injection, acting through phosphorylated Stat-3 can rescue implantation and decidualization in LIF-null uteri containing GE [6] , it is ineffective in uteri lacking GE [19] . Thus, there must be other GE-expressed factors (either induced by LIF or induced by E 2 in parallel to LIF) that are essential to inducing decidualization (Fig. 1) . Calcitonin is one such candidate GE-expressed factor because decreased expression in the rat uterus is associated with infertility regardless of the presence of LIF [5] . It is also clear that factors present in uterine fluid, and presumably derived from GE secretion, regulate blastocyst attachment and invasion [20, 21] . Such factors are unlikely to include LIF because embryos lacking receptors for LIF are still able to implant [7, 22, 23] . Future work to identify these regulatory factors and their functions in uterine receptivity and embryo activation will be important, and the PUGKO model should play a prominent role in these studies.
